A 72-year-old woman attended for a first-stage revision of a long-standing infected hip replacement. An attempt had been made to suppress the staphylococcal infection with antibiotics, but by the time she presented to our institution, she had several litres of pus in the thigh, extending down to the knee. She was assessed as having an ASA grade of 3. She was known to be chronically hypoxic, with a history of a pulmonary arteriovenous malformation (PAVM) that had been diagnosed more than 20 years earlier. She had been discharged from the care of her respiratory physician. Her pre-operative radiological assessment identified a right lower lobe lung lesion (Figure 1 ), but there was no access to diagnostic imaging of the PAVM. The patient had no other cardiovascular past medical history, was mildly anaemic with a haemoglobin of 12.8 g/dL, and a BMI of 23. Her medications included flucloxacillin for her infected hip replacement and ferrous sulphate.
On admission, the patient' s SpO 2 was 88% on room air. The estimation of her cardiopulmonary reserve was made difficult due to her hip infection, but her exercise tolerance was not known to be limited by hypoxaemia. It was felt that it was essential to proceed with surgery as there was evidence of extensive soft tissue infection in the right thigh.
At induction of general anaesthesia, with a bolus dose of propofol and concurrent infusion of remifentanil, the patient' s haemodynamic measurements were unremarkable, with blood pressure dropping from 118/75 mm Hg to 98/50 mm Hg and heart rate increasing from 58 bpm to 62 bpm. The trachea was intubated and oxygen saturations increased from 88% on room air to 92% with an FiO 2 of 1.0. Under anaesthesia, an uneventful spinal anaesthetic was performed. It soon became apparent that oxygen saturations were difficult to maintain. Oxygenation did not improve significantly with the FiO 2 of 1.0 or with altering ventilator settings. With a decrease in blood pressure to 90/45 mm Hg exacerbating the poor oxygenation, ephedrine boluses of 6 mg were used, to a total of 84 mg. Oxygenation throughout the procedure was variable; however, it was noted to improve with filling and the use of ephedrine.
The surgical finding was of a large, anterior, multi-loculated, thick-walled collection extending to supra-patellar level, which drained 3,000 mL of pus, and was associated with significant bone lysis. The surgery was complicated by significant blood loss, which led to the patient' s admission to the intensive care unit (ICU) postoperatively.
On admission to ICU, the patient was hypovolaemic with deteriorating oxygen saturations. This responded to placing the patient in the Trendelenburg position, rapid volume replacement and a metaraminol infusion, enabling SpO 2 to be Fatal systemic embolism following revision of hip arthroplasty: a complication of pulmonary arteriovenous malformation C Battle, A Dow, J Timperely A 72-year-old female patient who had a pulmonary arteriovenous malformation (PAVM) suffered systemic emboli causing pulmonary and cerebral infarction following the revision of an infected total hip replacement. Although not ultimately successful in this case, we detail the management of maintaining oxygenation and adequate cardiac output in a critically ill patient with a PAVM. We also discuss techniques that may be employed to minimise the shunt associated with the PAVM, with the aim of reducing the risk of systemic emboli. maintained >88%. Her chest was clear with an ejection systolic murmur heard over the PAVM. She remained in sinus tachycardia, mean arterial pressure (MAP) was maintained above 70 mm Hg, and central venous pressure (CVP) varied between 8 mm Hg and 14 mm Hg. Her arterial blood gases at this point displayed an uncompensated metabolic acidosis with type one respiratory failure.
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Three and a half hours after ICU admission, the patient' s saturations fell to SpO 2 75%. The endotracheal tube was patent and she had equal chest expansion with good air entry throughout. Hypoxia responded slowly by ventilating with 100% oxygen, recruitment manoeuvres, head-down positioning and hyperventilation. Decreasing positive end-expiratory pressure (PEEP) from 8 to 5 then to 3 cm H 2 O seemed to be effective in increasing oxygen saturations to >90%, thought to do so by decreasing the right-to-left shunt.
Ongoing management was aimed at preventing hypoxia. Oxygen was weaned from an FiO 2 of 1.0, PEEP was kept below 5 cm H 2 O, PaCO 2 was maintained at the lower end of the normal range, and cardiac output was optimised with filling and vasopressors. A transthoracic echocardiogram (echo) showed that the patient had mild mitral valve regurgitation, but normal left and right ventricular size and function. In view of the patient' s history of a PAVM, other sources of shunt, eg a patent foramen ovale, were not investigated with a transoesphageal echo as this was not thought to be likely.
Overnight, the patient became haemodynamically unstable with the haemoglobin concentration decreasing from 10.2 g/dL to 7.7 g/dL. This was as a consequence of a haematoma developing at the operation site. She was acidotic with a pH of 7.31. Four units of packed red cells, two units of fresh frozen plasma and two units of cryoprecipitate were given with effect.
Culture of the abscess pus grew a sensitive Staphylococcus aureus, which was managed with appropriate antibacterial therapy.
By the morning of the first postoperative day she was haemodynamically stable. Neurologically she remained sedated with 3 mm pupils, which were equal and reactive to light. She was producing minimal respiratory secretions and she tolerated an FiO 2 of 0.6 with pressure support (PS) of 8/3 and respiratory weaning progressed. Her arterial blood gas reflected this improvement and the intention was to extubate the patient.
However on a sedation hold the patient had a fixed rightward gaze and right facial twitching which progressed to right-sided tonic-clonic seizures, controlled by restarting sedation. A loading dose of phenytoin was administered. She developed a non-blanching, petechial rash over the chest, shoulders and abdomen.
In view of the seizure and the failure to regain consciousness, a CT of the head was performed with contrast administration (Figure 2 ). This revealed extensive, illdefined, low density areas within the periventricular deep white matter bilaterally, which also extended to involve the cortex of the occipital lobe and also the frontal lobe. Appearances were consistent with infarction.
From day 2 to day 4 the patient developed ventilatoracquired pneumonia (VAP) with ongoing sepsis, requiring significant fluid challenges and a noradrenaline infusion. Her chest X-ray displayed extensive bilateral opacities (Figure 3) , which further contributed to deteriorating oxygenation.
Her blood pressure improved and vasopressors were weaned. Continuous positive airway pressure (CPAP) ventilation continued with the intention to perform a tracheostomy for ongoing airway protection. A sedation hold of 24 hours allowed clinical confirmation that the patient had suffered an extensive cerebrovascular event and signs of cerebral agitation were present.
Further sepsis secondary to ventilator-associated pneumonia progressed, with rising inflammatory markers, not responsive to appropriate antibacterial therapy. After discussion with the family it was agreed that her neurological condition carried a poor prognosis and active treatment was withdrawn. She died a short time later. A post mortem examination revealed that the patient suffered multiple fat emboli throughout the lung and brain tissue.
Discussion
This case highlights the increased risk of neurological events in a patient with a known PAVM suffering from fat embolism syndrome (FES). Fat embolism occurs approximately 12-36 hours after dispersion of fat droplets into the circulation, 1 in this case following orthopaedic surgery. Features typically include neurological manifestations, for example confusion, convulsions or cerebral infarction; respiratory manifestations such as hypoxia, dyspnoea or pulmonary oedema/ARDS; cutaneous manifestations including a petechial rash and may be accompanied by a pyrexia and haemodynamic instability. 1 The presence of an AVM increases the risk of systemic embolism and this case highlights the need for extra surgical precautions in such cases. In this case, the diagnosis of FES was not obvious as the patient presented to ICU sedated and ventilated. However it was in the hours following her admission that she became haemodynamically compromised, with a notable hypoxaemia and a new petechial rash. The sedation hold unmasked the neurological consequences of fat embolism. At this stage of her management, the working diagnosis was that of infective emboli causing these symptoms.
PAVMs are a rare pulmonary vascular anomaly that have a strong association with hereditary haemorrhagic telangectasia, 2 and are thought to occur in 2-3 per 100,000 population. 2, 3 There is a direct communication between a branch of the pulmonary artery and a branch of the pulmonary vein; 3 although commonly asymptomatic, they can lead to serious neurological complications, from migraines to brain abscesses and strokes, which are well documented 1-3 and occur in up to 40-50% of patients with PAVMs. 3 It is the right-to-left shunt between the pulmonary artery and pulmonary vein which is the fundamental defect, 3 allowing the passage of paradoxical emboli into the systemic circulation, bypassing the pulmonary capillary filter. [4] [5] [6] The patient' s peripheral oxygen saturation will be typically low and as expected does not normalise with an increase in FiO 2 . 3 In contrast to other AVMs, PAVMs do not affect cardiac haemodynamics and cardiac output is usually within normal limits 3 or, due to a low pulmonary vascular resistance, is even associated with supranormal cardiac output. 4 PAVMs tend to increase in size, especially if multiple, and rarely regress spontaneously, 7, 8 which may prompt the question as to whether they should be treated. Currently therapeutic options include angiographic embolisation with metal coils, balloon occlusion or surgical excision, 9 which should be considered if the patient is symptomatic or the feeding artery is more than 3 mm in diameter. 10 We found few papers that deal with the question of how to optimise the physiology of a patient with a PAVM during surgery. Lovering et al 11 investigated the rare instances of inducible large-diameter intrapulmonary arteriovenous anastamoses that occur in healthy individuals. Important considerations in the patients include optimising the closing of inducible shunts via body positioning, decreasing pulmonary pressures, and increasing FiO 2 , hypothesising that vessels in the arteriovenous anastamoses respond to oxygen in the same manner as systemic vessels, by vasodilating in response to hypoxia, unlike normal pulmonary vasculature.
Orthodeoxia is also known to occur in PAVMs, 7, 12 which is oxygen desaturation occurring in the reverse Trendelenburg position; this is thought to be due to gravity-induced flow into basally-situated shunts (approximately 70% of shunts). 7 This suggests that managing patients with PAVMs under general anaesthesia in the Trendelenburg position would help with oxygenation, independent of FiO 2 or ventilator settings.
There are other factors which have been associated with improving oxygen saturation in paediatric patients with PAVMs. Inhaled nitric oxide improves oxygenation as it dilates pulmonary blood vessels in ventilated lung areas, therefore facilitating gas exchange. 13 However, positive pressure ventilation is thought to worsen oxygenation. 5, 14 Discussion among the team relating to this case included the matter of prevention and whether or not the operation should have proceeded. Factors that were considered included whether the patient should have had a CTPA to assess the PAVM, as they are known to increase in size with increasing age, 7,8 and whether she would therefore have needed a work-up for embolisation of the PAVM. This would be advisable in an elective case, however after seeking expert advice, it was concluded that the infection risk from not having the surgery would have likely outweighed the risk of fat emboli passing via the PAVM.
With regards to management peri-operatively, the choice of a spinal block under general anaesthetic aimed to provide better analgesia peri-operatively and to allow a 'lighter' general anaesthetic. However on reflection the decrease in systemic vascular resistance (SVR) could have increased the fraction of shunted blood via the PAVM; the use of ephedrine helped to counteract this effect.
On ICU, various techniques were employed to improve oxygenation. This included increasing FiO 2 , decreasing PEEP and head-down positioning to decrease shunting of hypoxaemic blood. In this scenario, it is useful to consider that recruitment manoeuvres increase PEEP, therefore increase right-to-left shunt, and that hyperventilation only has a role in hypercapnic patients aiming to counteract the increased pulmonary vascular resistance, which may induce further shunting via the PAVM.
There is little data available giving advice on how to optimise the physiology of a PAVM during surgery to prevent the risk of emboli passing through the shunt, causing neurological events. However, it is advisable that they are managed in a similar manner to cardiac right-to-left shunts, whereby the mainstay of management includes avoidance of spinals and a low SVR, maintaining good filling pressures and avoidance of PEEP.
